ABSTRACT Acetylcholinesterase (AChE) activity level can be used as a diagnostic marker for anticholinesterase pesticide poisoning. In this study, we aimed to establish a baseline level of normal brain AChE activity in wild birds. AChE activity was measured in the brains of 87dead wild birds (26 species). The level of AChE activity ranged from 6.40 to 15.9 µmol/min/g of brain tissue in normal wild birds. However, the brain tissue AChE activity level in wild birds exposed to organophosphate (OP) pesticide was 48.0%-96.3% of that in the normal birds. These results may serve as reference values to facilitate routine diagnosis and monitoring of OP-poisoned wild birds.
dead birds with brain AChE activity lower by more than 50% of their normal brain AChE can be diagnosed with OP poisoning as the cause of death [4, 11] .
As the reference values reported by different laboratories in different countries do not always correspond, there is a need to obtain Korean-specific reference values for wild birds. The purpose of this study was to establish a brain AChE activity reference range in non-exposed wild birds in Korea that can be used in the field diagnosis of wild bird mortality from OP poisoning.
Brain tissues of wild birds obtained between 2014 and 2016 were kindly provided by the Avian Disease Division of the Korean Animal and Plant Quarantine Agency (APQA). The AChE activity level in the tissue samples was measured by using, according to the manufacturer's instructions, the Acetylcholinesterase Activity Colorimetric Assay Kit (Biovision, USA), which is based on a modification of Ellman's method [12] . Briefly, 500 mg of brain tissue were homogenized in 2 mL of EZLys Tissue Protein Extraction Reagent (Biovision, USA) with ceramic beads in a 7 mL tube for 15 sec using a Precellys 24 homogenizer (Bertin, France). Ten microliters of the homogenized solution were then diluted 20 times after centrifuging at 10,000 × g for 5 min at 4°C in a Labogene 1580R centrifuge (LaboGene, Denmark). Subsequently, 3 μL of the solution were mixed with 97 μL of reaction mix (containing 92 μL of assay buffer, 2 μL of choline oxidase enzyme mix, 2 μL of AChE probe, and 1 μL of AChE substrate) in a 96-well plate. The optical density of the sample solution was measured using a Flexstation3 microplate reader (Molecular Devices, USA) in kinetic mode for 25 min at 37°C. The AChE activity level was calculated as AChE activity = B / (ΔT × V) × D, where B represents the amount of choline from the end point of the choline standard curve, ΔT is the difference between two chosen reaction times (such as 10 min to 15 min), V represents the sample volume added to the reaction plate, and D represents the sample dilution factor. The result represented the AChE enzyme activity in the sample and is expressed in nmol/min/mL of brain tissue. Three replicates were performed per sample to confirm the AChE activity level.
Eighty-seven wild birds suspected of being poisoned by pesticides were submitted to APQA between 2014 and 2016. The monthly distribution of the number of submitted wild birds between 2014 and 2016 showed a peak (representing 87% of the submitted birds) during the January to March period ( Fig. 1) . In the present study, the brain tissue AChE activity was measured in the brain tissue of each of the 87 wild birds (26 species). The repeatability of the AChE activity assay was evaluated in spot-billed duck, magpie, and native chicken ( Table 1 ). In the intraday assay assessment, the coefficients of variation of brain AChE activity in each sample of spot-billed duck, magpie, and native chickens were 11.0%, 5.30%, and 3.68%, respectively ( Table 1 ). In the interday assay assessment, the coefficients of variation of brain AChE activity in spot-billed duck, magpie, and native chicken were 12.7%, 9.24%, and 9.36%, respectively. Overall, the coefficient of variation of the intraday assay was equal to or less than 10%, whereas that of the interday assay was less than 15%.
The stomach contents of the birds were analyzed by liquid chromatography-mass spectrometry/mass spectrometry (LC-MS/MS) to determine pesticide residue levels, and dead birds with a high pesticide level were considered to have died from pesticide poisoning. Twenty-two bird stomachs contained pesticide residues while the other 65 birds were identified as negative for the presence of pesticide residue (unpublished data). The species of wild birds with stomach pesticide residues were crows, magpies, pigeons, mallards, bean geese, native chickens, and spot-billed ducks.
The AChE activity levels in the brain of pesticide-unexposed wild birds ranged from 6.40 ± 2.19 to 15.9 ± 4.10 µmol/min/g brain tissue, and the results showed differences among the species sampled ( Table 2 ). In a previous study, the range in brain AChE activity in wild birds was reported to be 7.4-31.2 µmol/min/g, with differences among the species sampled and experimenters [1, 13, 14] . In the present study, the brain AChE activity in unexposed mallard ducks was 9.06 ± 1.10 µmol/min/g tissue, whereas, in normal mallard duck brains, Hill reported it to be 12 ± 1.3 µmol/min/g [11] , and Shimshoni showed it to be 8.7 ± 1.2 µmol/min/g [4] . In our chicken samples, brain AChE activity was 15.9 ± 4.10 µmol/min/g in unexposed birds, whereas, Shimshoni reported it to be 13.6 ± 1.2 µmol/min/g [4] .
In the present study, we observed that the brain AChE activity level in OP-exposed birds was 48.0% to 96.3% of that of normal birds. Shimshoni reported that the AChE activity level of chickens in Israel that had been exposed to diazinon was 3 ± 2.7 µmol/min/g [4] , whereas, in the present study, Korean chickens exposed to monocrotophos and phosaphamidon had an AChE activity level of 0.69 ± 0.35 µmol/min/g. Although a number of similar studies have been conducted worldwide, reference values of AChE activity in bird brains are not always consistent, mostly due to the temperature at measurement, the measured part, and differences between experimenters and laboratories. Acetylcholinesterase activity as a marker of organophosphate poisoning in birds Because of these differences, standardization of the AChE assay method, presently unique to each laboratory, is required [4] . It has been suggested that a decrease of 20% in normal brain AChE activity is indicative of exposure to anticholinesterase pesticides (OPs and carbamates), and that dead birds with a brain AChE activity lower by more than 50% of their normal brain AChE can be diagnosed with anticholinesterase poisoning as the cause of death [4, 5, 14] .
In this study, we employed a method to measure the AChE activity in the brain of dead wild birds and evaluated the repeatability of the method in an attempt to improve the reliability of diagnosing OP poisoning. In addition, we investigated differences in AChE activity between unexposed and pesticide-exposed individuals. Those results can form a basis for future accurate diagnoses of OP poisoning in wild birds in Korea. A limitation of this study was that the activity of AChE was assayed in a relatively small number of birds. However, the brain AChE activity reference values for wild birds presented in this study could facilitate routine diagnosis and monitoring of exposure to AChE inhibitors in wild birds in Korea.
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